A recent report from this laboratory (Kingkade, Huff, and Behrens, 1948) (Ie-scribes experiments in which lysozyme was used to prepare bacterial cell lysates from Staphylococcus aureus K1 for use as a possible medium for bacteriophage multiplication. It was hoped that the cell wall would be ruptured allowing dispersal of the intracellular constituents into the medium without appreciable denaturation or destruction.
scribes experiments in which lysozyme was used to prepare bacterial cell lysates from Staphylococcus aureus K1 for use as a possible medium for bacteriophage multiplication. It was hoped that the cell wall would be ruptured allowing dispersal of the intracellular constituents into the medium without appreciable denaturation or destruction.
Since in many of the experiments filtration had been used to remove any intact cells from the cell lysates, experiments were undertaken to determine whether the intracellular constituents had dispersed sufficiently to be filterable.' For this purpose electron micrographs were made of cells treated for various times with lysozyme. At the same time turbidimetric readings and determinations of cell count, both direct and viable, were made to be correlated with the results of electron micrography. Observations w^ere also made on the filtrates from the staphylococcal lysates.
The action of lysozyme on Staphylococcus aureus K1 is accompanied by a gradual decrease in density at the periphery of the cell. No evidence was found of rupture of a cell membrane with a spilling of the cellular contents. The cellular masses remaining in the lysates did not pass through bacterial filters. In contrast, lysozyme causes rupture of the cell wall of Micrococcus lysodcikliclus and a dispersal of the cell contents.
EXPERIMENTAL METHODS
The Staphylococcus aureus strain K1 and Mficrococcus lysodeikticus MB79 (7R-2150)2 were grown at 37 C on nutrient agar (1 per cent Difco nutrient broth, 0.85 per cent NaCl, 2.5 per cent agar) in toxin bottles. After incubating for 24 hours, the cells were washed from the agar with saline. They were sedimented by centrifugation, washed once with saline, and suspended in sufficient saline to give a concentration of 1 to 3 X 109 cells per ml.
Duplicate tubes containing 7.2 ml of cell suspension and 0.8 ml of lysozyme3 in saline were incubated at 35 to 37 C with aeration. Control tubes containing 7.2 ml of cell suspension and 0.8 ml of saline were treated similarly. One sions. Apparently this dilution largely prevents the continuing action of the lysozyme.
In the experiments with Staphylococcus aureus, sufficient lysozyme was added to give a concentration of 3 mg per ml. Under these conditions a loss of 80 per cent or more of the cells was observed in 30 minutes as determined by direct count. With Micrococcus lysodeikticus a lysozyme concentration of 0.0012 mg per ml produced lysis at a rate suitable for these experiments. The concentration was found to be critical within a limited range (figure 1).
The experiments to determine the effect of filtration on the removal of material from the bacterial lysates were performed in the following manner: a suspension of Staphylococcus aureus K1 containing 1 to 3 X 109 cells per ml was prepared as described above. After the addition of 1 per cent of egg white as the source of lysozyme, lysis was allowed to proceed for 12 minutes. The lysates were then filtered according to the method of Krueger, Scribner, and Brown (1946) . Samples were prepared for electron microscopic observation by placing a drop of cell suspension on a "formvar" film over a supporting grid. After 1 minute the drop was removed as completely as possible with a capillary tube, leaving a thin film of suspension on the specimen screen. Immediately after the removal of the suspension, the sample was washed by adding a drop of distilled water, allowing it to stand 1 minute, and removing it with a capillary tube. The washing was repeated one more time. After drying, the sample was shadow-cast at a 10°angle with a platinum-palladium mixture and was observed at a magnification of about 2,500 X in an RCA model B electron microscope.
RESULTS
The results of typical experiments with lysozyme and Staphylococcus aureus K1 and with Mlicrococcus lysodeikticus are shown in figure 2. With both of these organisms the viable count fell at a more rapid rate than did the turbidity and direct count.
A distinct difference is noted between the observations on the two organisms and may be correlated writh the electron micrographic observations as noted below. With S. aurets a rapid initial drop in direct count to approximately one- 3). The continuing disintegration is reflected to some extent in the continuing decrease in turbidity. Figure 3 , A, depicts a field of typical unlysed S. aureus. The efficiency of the washing procedure in removing dissolved materials is indicated by the absence of salt crystals in the field. Figure 3 , B, illustrates the immediate action of lysozyme on this organism. The time interval between the addition of lysozyme to the cells and the beginning of the washing procedure was less than 1 minute. An effect of lysozyme is already apparent in the appearance of a less dense por-tion around a generally irregular mass of greater density. In higher magnification pictures the less dense portion is observed to be thinner than the dense portion. Conclusions concerning the specific absorption of the two regions are not warranted. However, it must be concluded that lysozyme must have acted on the less dense portion to the extent that it would flatten out on drying. The observed increase in diameter of the cell is consistent with this interpretation. Longer action of the lysozyme on the cells, as illustrated in figure 3 , C, D, brings about gradual dissolution of the outer material and a decrease in diameter of the remaining portion. These pictures were taken, respectively, after 1 and 6 hours of lysozyme action. In spite of the long-continued action ef lysozyme, the cells maintain their individuality. Apparently lysozyme has little or no action on the interior portion of the cell.
The effect of the omission of the washing procedure is illustrated in figure 4 , A, B, representing samples of S. aureus treated with lysozyme for less than 1 minute and for 2 hours before drying on the "formvar" film. The presence of dissolved and finely dispersed materials in the suspension is evidenced by the general coating of the cells. The increase in the amount of this material with increased length of lysozyme contact substantiates the conclusion that this enzyme gradually causes dissolution of some of the cellular material. These pictures also suggest that a process of drying without washing allows more extensive lysozyme action than when the supernatant fluid is washed away prior to drying. This result may be due to the increased concentration of the lysozyme during the drying procedure. Figure 4 , C, represents a field of the S. aureus that was dried without washing and was then washed and redried. The presence of the large amount of filamentous material in the background and covering the cells indicates that this material of cellular origin is not readily dissolved or dispersed once it has been dried. Figure 4 , D, represents a field from the same suspension that had been washed on the specimen screen before drying.
The more rapid and more complete dissolution of M. lysodeikticus by lysozyme is reflected by all of the methods of observation. In contrast, with the Staphylococcus, the direct count falls rapidly to values that preclude accurate determination. Sections A, B, C, and D of Figure 5 represent electron micrographs of fields of the Micrococcus prepared from cultures before lysozyme treatment and 1, 10, and 60 minutes, respectively, following the addition of lysozyme. After 1 ,. iS. minute of treatment with lysozyme the only change observed was a noticeable enlarging or swelling of the cells ( figure 5, B) . The apparent differentiation of cell constituents observed with the Staphylococcus was not seen. With longer periods of lysozyme action, the decrease in thickness of the cell made possible the observation of cell bodies that remained unaffected even after 60 and 120 minutes. This is plainly shown in figure 6, A 
SUMMARY
The action of lysozyme on Micrococcus lysodeikticus differs from that on Staphylococcus aureus K1. With the Micrococcus, electron microscopic observation showed that lysozyme first causes an enlarging or swelling of the cell. This is followed by a rupture of the cell wall with a dispersal of the cell contents. With the exception of two cells bodies (nuclei?), the cell contents dissolve in the medium. Finally the cell membrane is also destroyed leaving only the cell bodies. Turbidity, viable count, and direct count all reflect the rapid dissolution of the cells observed with the electron microscope.
The Staphylococcus is not so sensitive to the action of lysozyme, and in addition a different type of cell destruction is observed. At no time is there any evidence of the splitting of a cell wall. Rather, a slow dissolution of any outer viscous portion of the cell takes place over a period of several hours, leaving an inner more dense portion. The viable count continues to decrease, reaching very low levels. In contrast, the direct count remains quite high, probably because of visualization of the cell masses.
Attention is directed to precautions that must be exercised in preparing mounts for electron micrographs of materials undergoing enzymatic changes.
